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^TEACHING AND LEARNINGV 
THE METRIC SYSTEM 



' %\s metric instructional packag^ was designed to meet job-related 
■ metric measurement needs of students. To use this package students- 
should already know the occupational terminology, measurement 
terms, and tools currently in use. These materials were prepared with 
the help of experienced-vocational teachers, reviewed by experts, tested 
'in classrooms in different parts of the Ujiited,8tates, and revised before 
distribution. ' . ^ .-^ i 

• .■ ' ■ ' .. ., . 4 '> ' 

Ill- ' _ , ' ' t ■ 1 . 

Each of the five units df instruction contains performance objec- 
tives, learning activities, an(Ksupportin^in&)rmation in the form of 
itext, exercises, and tables. In addition, suggested' teaching techniques 
• are included. At the batik of this package are objective-based evaluation 
items, a page of answers'Ho the exercises and tests, a list of metric 
materials' needed for the activities, references, and a list of suppliers. 



. : Classroonllexperiences with this instructional package suggest the 
^ following teachmg-learning strategies: . , . . . ^ 

1. Lefthe first experiences be informal to make learning the metric 
system fun. ' ^ \ j i 

. 2..^ Students learn better when metric units are Compared to familiar 
1 objects. Everyone should learn to "think metric." Comparing 
metric units to customary units can be confusing. 

■ 3,^' Students will learn quickly to estimate and measure in metric units 
by "'doing." 

' 4. ' Students should have experience with measuring activities before 
getting too much information. ' ' 

5. Move through the' units In an order which emphasizes the sim- 
^ plicity of the metric system (e.g.; length to'area to" volume). 

At) ' Teach one concept at a time to avoid over^'^elming students with 
too much material, ■ , :,' , 

Unitl is a general introduction to tjiejpietrio^stem of measur{__^A 
' . ment which provides informal, hands-oh experiences for the students. J 
This unit enables students to become familiar with the basic metric >^ 
units, their symbols, and measurement instruments; and to develop a 
' set of mental references for "metric values. The metric system of nota- 
ry r»9/-- is explained. ' » > 
ERJC 



Unit 2 provides the nfttric terms which are used in this occupation 
and gives experience wi^'otcupational measurement tasks. 

^Unit3 ' focuses on job-related metric equivjients and their relation- 
stops. ' .. 

. UniU provides experience with recogrijiing and using metric 
instruments and tools in occupational measurement task?. It also pro- 
vides experience in comparing metric^and customary measurement in- 
struments. ' . 

Unit 5 is designed to give students practice in converting custom- 
ary and metric measurements, Students should learn to "think metric" 
and avoid comparing customary and metric units. However, skill with 
conversion tables will be useful during the transition to metric in eaph 
occupation. • ' ' 



Using These instructional Materials 



This package was designed to help stOdents learn a core of knowl- 
edge 'about the. metric system which they will use on the job. The 
exercises facilitate experiences with measurement instruments, tools, 
and devices used in this occupation and iob-related4ask8 of estimating 
and measuring. / 

' This instr->>:t:onal package also' was designed to accommodate a 
variety of individua. teaching and learning styles. Teachers ard encour- 
aged to adapt these materials to their o^n classes. For example, the 
information sheets may be given to students for self-study. References 
may be used as supplemental resources. Exercises may be used in inde- 
pendent study, small groups, or whole-class activities. All of the 
materials can bi expanded by the teacher. ' ■ 

Glbria S Cooper 
Joel ri. Magisos 
[Editors, 



Thi$ publication was developed punuani to comraci No. OEC<)-74.9335, with the 
Bureau of Occupational and Adult Education. U.S. Depafimeni bl Health, Wuca' 
tion and Welfare. However, the opinioni exprejMd heriin (jo not nKeuarilv 
reflect the position or policy of the U.S. Office of Educatl'on and no officiel 
endorjeitieni by the U S Office of Education jhould bt inferred; 



UNIT 



SUGGESTED TEACHING skQUENCE 



1. these introductory exercises may require 
* two or three teaching periods for all five 

areas of measurement, 

2. Exercises should be-foHowed in the order 
i^p^C-^ given to best show the relationship , 

• ' between length, area, and volume. 

3. Assemble the metric measuring devices 
(rules, tapes, scales, thermometers, afid 
measuring containers) and objects to be 
measured,* 

4. Set up the equipment at work stations 
for use by the whole class or as individu- 
alized resource activities. 

5. Have the students estimate, measure, and 
record using Exercises 1 through 5. ' 

6. Present information on notation an^ 
make Table 1 available. 



7. Follow up with group discussion of 



activities. 



•Other school departments may have devicwV^ich 
can be used. Metric suppliers are listed in the ruerence 
lection. ^ 




THI Cimtll VOCATIONAL HMCATION 



OBJECTIVES • 

The student will demonstrate these skills for the Linear, Area, Volumefor Capacity, Mass, i 
Teihperature Exercises, using the metric terms and measurement devices listed here. 

I 







lb 


EXERCISES 




/ SKILLS 

V 


LiiWir 

lpp.3'<) 


AnC 

(pp.5-e) 


Volnmi or Cifiidtv 

(PP.7-0 


, MlH 

(pp,9.l0) 


Tefflpintuif 

Ip.U) 


\ 

1, Rtcofniu ind UK the 
unit ind itiiymbol for: 

2 Stl«ct,uif,ind!tidtht 
ippropriiti mtyurini 
iMtnimnU ror: 

3. Stitf or ihow 1 
phyiicil nrerenct fof : 


millimetre (mm) 
centimetre (cm) 
meliV (m) 

/ 


tquire 
centimetre 

(cm.M 

tqutre 

V) , 


cubic cenwi 
metre (cm^ 

cubic m% \ 
(m^) 

litre (1) 

millilitre(ml) 


frim (g) 
kilofrim (kg) 


degry Celiiui 

■ ('ci ' 


4!* Eitimitf within 25% 
orth«ihiilmeiiure 

/ 


heifht. width, or 
length of object! 


th( ini of 
i|ittniur(ut 


cipKity of 
contairwn 


the miu of objecti 
in gnim ind kilo* 
gniM 

^ \ 


♦ 

the tempentureof 
the lit or i liquid • 


5, R«id correctly 

1 


metre ttick,1metric 
t»pc meiture, ind 
- metric rulm 




metfurementt 
oflpduiUd 
toluiM QMIlUr' 
infdtTicM 


1 kilognm Kile 
ind 1 pim Kije 


ACeliiui thermometer. 
. _ 1 
^ ' 



RULES OF NOTATION / 

1. Symbols are not capitalized unlSss the unit is a proper name (miii notMf. 

J^S Symbols are not followed by periods (m not m.). ^ 

3. Symbols are not followed by an s for plurals (25 g not 25 gs). 

A space sep^s the numerals &bm the unit symbols (4 hot 41). 

5, Spaces, not coromasjitu^ separate large mrshm inta groups of three 
digits(45 271 kmno(M71km), ^1 

A zero precedes the decimal point if the number is less than one (0^2 g not .52 g) 

'7. Litre and^ metre can be uiellfid either with an -re or -er ending. 
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METRIC UNITS, aYMB^, AND REFERIENTS 



Quantity 



Area 



Volume and 
Capacj^ty 



Mass 



Metric Unit 



millimetre 



centimetre 



metre 



icilometre 



square 
centimetre 



square metre 



hectare 



miUilitre. 



litre 



cubic 

centimetre 



cubic metre 



rhillipam 



gram 



kilogram 



metric ton 



i 



(1 000 kOcVrams) 



Symbol 



mm 



Thi 



cm 



m 
km 



cm 



m 



ml 



cm 



m' 



nig 



Uieful Referents 



ickness of dime or paper 
clip wire 



Width of paper clip 



Height of door about 2 it 



12<miilute walking distance 



Are^of this space 



□ 



Area of card table, top 



Football field including sidelines 
aiid end zones 



Teaspoon is 5 ml' 



A little mm than 1 quart 



Volume of this container 



A Httle'more than a cubic yard 



Appl^ seed about 10 mg, grain of 
lalt, fmg ' 



Nicjcel about 5 g 



Webster's Collegiate Dictionary 



Volkswagen Beetle 



tl«CIimR iWVOCAtlOf^EOUCAT 



Table 1-a 



METRK PREFIXES 



Multiple! and 
Submultiplet ' 


r 

PreGxei 


/Symboli 


, 1 000 000 = 10* 


' 7^ 

mega (iD^il a) 


J ''^ 


1 000 = 10^ 


kiIo(|tl/o) 


k 


100 = 10^ 


hecto(hek'to) 


h 


10 = 10* 


dekr^eka) 


da 


■ » ^ 

Base Unit 1 = 10" 


■J 




0,1 = 10'' 


deci(des'i) 


d 


0.01 = 10'^' 
0.001 = lo"-* 


pj^tifsip'ti) ' 
miUi (mili) 


c 
m 


0,000001 = 10'' , 


micro (mTkro)' 





I 



Table 1-b 



LINEAR MfiASURJMENT ACTIVITIES 

Metre, Centimetre, Millimetre 



I. THE METRE (m) 

A.' DEVELOP A FEELING FOR THE SfZE OF 

1. Pick up one of the metre 
sticks and stand it up on the 
floor, Hold it in place with 
one hand. ''Walk around the 
stick. Now stand next to, 
" the stick. With your otWi 
hand, touch yourself when 
the top of the metre «tick 
comes on you. 



THAT IS HOW HIGH A METRE IS! 



A METRE' 



2. Hold one arm out straight 
at shoulder height, Put 
^ the metre stick along this 
arm until the end hits the 
end of your fingers. Where 
is l^be other ejfid of the 
metre stick?. Touch your- 
■ self at that end. 



J ' THAT IS HOW LONG A METRE IS! 
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3, .Choose a partner to stand 
at your side. Move apart 

80 that you can pyt one , 

endofametr^stickori' 
your partner's shoulder 
} and the other end on 
your shoulder, Look at 
1 the space between you. 

„ THAT IS THE IDTH OF A METRE 

B. DEVELOP' YOUR ABILITY TO ESTIMATE IN METRES ' 

Now you will improve your ability to estimate in metres. 
Remember where the length and height of a metre was on your 
body. 

For each of the following items: 

» Tlx. 

Estimate the size of the items and write your estiraat< in the 
ESTIMATE column. Measure the size with your metre stick 
and write the answer in the MEASUREMENT column. " 

Decide how close youf estimate was to the actual measifte. If 
' • your estimate was within 25% of the actual measure you are a 
"Metric [,4irvc!." ', ' 

How Close 

Estimate Measurement Were You? 
(m). (m) ' 



1. Hei^t of door knob 
• ^rom floor. 

2/Heightofdoor. ,; 

3. Length of table. 

4., Width of ;taW^ ■ ^ 

5. Length of wall of 
this room. 

6. • Clistance from 

you to wall. 




7^ 



r 



Exercise 1 



J, 



' . il. TOECENTIMI^T|lfi*(pmf. . ' , 



f: V. There are I'OOjTpntJmetresih^^ . ' 

' /jkentini5tifsyyouVHte403 cm[(43;^ ' . 

I i /.+ 3cm)./ ' ^'^ ' : ' ' 



'..A.. DEVELOP''i^EELINGFORTHESIZEpy.ACENTI^^TRE' 



J 



I 



' * • I Hol(yhe metric i^ler against \he widtji of yoVrrtUmbntiil, 
■ How^^ideisit?* '___,cm / ' '^^ k ' 

'•■V : . 2; * ^^Mft.yom; thumb from the ^irst j^rvt to the end. ^' , 



r 



cm 



* 3. Use tKe,rtetric mjer to find the wi(j?h of your pftlni^. 
cm ' . , 

• — / ■ • I 

4( . Measure yobr index or pointjng/finger. How long' is it? 

' ' 5'. .Ijfeasure your w/ist with a tap^ measure. What is the distance 
' ; around it? cm - ) 

6. * Use th? tsige ni^ure to find your waist size. . cm . 

B. DEVELOP.YOUR ABIUTY TO ESTIMAT? IN CENTIMETRES 

You ar^ow ready to estimate in centimetres. For each of the 
. following items, follow the p^6cedures used for estimating in 



metres. 



90 

,erIc 



1. Length of ^'paper 
. clip.* ^i, 

' 2. Diameter (width) 
of a coin. 

3.' \V|(lth ofa , 
postage stamp. 

i Length of a 
pencil. 

5. Wdthofasheet 
of paper. 



T>€ CEfmR MR VOCATIONAL COUCATION 



How Close 

Estimate "rfasurement WereTou? 
(cm) (cm) 




c. 



in. ,ffl,EmLIMETREM i • - | • r . • 

There are lOjnillimetres in one cet^tiijietTe/Wlien a^measuremeni is 
^ !2 centimetres and 5 millimetres, you writei5 mm [(2x10 mm) 
/ •+ 5 mm = 20 mm +. 5 mjn] . *Jhere are 1 000 mm in 1 m: 

*A. DEVELOP A FEELING Fol THE5IZE QF A'MIELIMETRE'! 



ng a ruler majked in millimetres, measure 

''i. TJiick'nessb^ paper .clip wire. ''_ 
j 2. V Thickness of your fingernail. ' ^ 
, 3.^ "Wdth of your fingernail, , ' , 
4. Diameter (width)qf a coin. 
5: Diameter (thickness) of your pencil 
♦ 6. Wdth of a postage stanp, 



V 



mm 
mm 

mm'^ ' 



j—'-nwn 
mm 



B. DEVELOP YOUR ABIUTY TO ESTIMATE IN MILLIMETRES 

You are now ready to estimate in millimetres. For each of the 
following items, follow the procp^ures used for estimating in 
metres. , » ' 

^ How Close 

' . Estimate K^uiement W^re You? 

^ (mm) (mm) 

1. Thickness of .a 

' nickel. 

2. ^ Diameter (thickness) 

►ofabolt. J 

3. Lengthofaboft. 1 

4. ^ Wdthofasheet^ 

'ofp^per. \ : 

^5.' 'fhicknessofaboard 

or desk top, ' ^ ^ 

6.' ' Thickness of a. - 

button: , ' 



Exercise 1 
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AREA MEASlHtEMENT ACTIVITIES^ 
Square Centimetre, Square Metre 



r, 



^VHEN YOU DESCRIBE TftE AREA OF S'OMETHI^OU'ARE 
SAYING HOW AwSy SQUaIiES OF A GIVEN SIZE IT TAKES TO 
.COVERiTHESUtFACE. . 

1. THE SQUARE CENTIMETRE (cm^) ' ' A^ ' 



^, ^DEYELOP'A FEELING FOR| SQUApCENTIMETOE 

^ 1. ' Take a clear plastic grid, or u&e the grid on p,age 6. 

, ■ -■' ' ♦ ' 

2. Measure the length an^i width of one of these scall ^ 

"i squares with a centimetre ruler. , 

. . ' 

THAT IS ONE SQUARE CENTIMETRE! . ■ / 

' ■■ . ' - ' i 

3. Place your fingernail over the grid. About how many 

^'i^ares does it take to cover your fingernail? 

4. - Place a coin over the grid.' About how many.'Sqjiares 



does it take to cbver the coin? 



.cm. 



5. Place a postage stan^ over the grid. About howjmany 
squares does it take to cover the postage stanp? j 



.cm' 



6. Place an envelope ov«r th« grid. Abdut how many 
' squares does it take to cover the envelope? 

7. Measure tlie len^h and width of the envelope in centi- 
metres. Length _j_ cm; Vfidth cm. 

f\ Multiply to find the area in square centimetres. 

■ ; cm X cm = cm^ . How 

close are the answers you have in 6. and in 7.? 
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1 l!Tl. THf C 



> 



i 



5 



B. 'CevelqP'Your Ability to estimate in square 

CENTIMETR8S ' " 

Yoti are now ready to develop your ability to estimate 
in square centimetres.. 

Remember the size of a square j^entimetre.' F^r each of the 
following it«ms, follow the procedures used for estinating in 
metres. 

V 1 • it ' ^ ' " How dose 
/ I Estimate' Measurement Were You? 



(cm^') 



1. Index card. 

2. Book coyer. 

3. Photograph. 

4. \Wndow^aiie or 



^ 



desk top: 




L 



n. 'THE SQUARE METRE (m> 

A. DE\^P A FEELING FOR A SQUARE METRE 

f 

1 . Tape four rAetre sticks together to mak^ a square which 
: is one metre jong and one metoe wide. 

2. Hold the square up with cxie side on the floor to see how 
big it is. 

* 

3. Place the square on the floor in a comer. Step back and 
look, ^ee how much floor space it covers. • 

4. Place the square o)^ra table top or desk to see how 
much space it cov^ . , 

5. * Place the souare against the bottom of a door. See how 

mftch of tire door it covers, How many squares would it 
take tci)f over the door? ' , ■ 

THISISHOWBIGASQUAREMETREIS! 



A Exercise 2 

(continued on ne]ttp^0) 



\ DEVELOP YOUR ABILITV TO ESTIMATE IN SQUARE . 

>m;tres \^ ^ , ■ , 

. . You^e now ready, to estimate in square metres,* Follow tlje^ 
, ^procedures used for estimating in jnetres. ' , , 

' ' '' ' 

, ' H^CIose 
' Estimate Measurement Were You?', 

1. Door.' ' ' (I . 

I, Full.'sljeet-of 
.newspaper. 

■3. Clialkboarckir 
bulletin board. 



4.. Floor. 

5. Wall. 

6. ' Wall chart qr postg^' 
.7. Side of file cabinet 



CENTIMETRE QBID 






J s 




• 




r 










■ ' J J '. y ^ .J 


^ — ^ 




T 
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VOLUME MEASUREMENT ACTIVITIES , 
Cubic Centimetre, Litre,.Mi!lilitre, Cubic Metre 



i 



7 



1. THE CUBIC CENTIMETRE (cm^) ^ 



A. DEVELOP A FEELING FOR THE CUBIC CENTIMETRE 



V 



Pick up a colwed plastic cube. Measure its length, 
height, and width in centimetres. 



ill 



\ 



TlfAT IS ONE CUBIC CEN^^^ 
2. Find the volume of a plaiiic Iftre box. 



a. Place a ROW of cubfs against the bottom of on((«a.e , 
' of the box. ' How many cubes fit in the row?i: 

^ b. Place another ROW of cubes against an adjoming side - 
of the box. How many rows fit inside- the box 
to mak^ one layer of cubes? . 



/ 



How many cubes in each row? 

How many cubes in tiie layer in the bottom ofythe 
box? , ' 

c. Stand a JiiOW o^ubes up against the side of the box. 
How n^y LAYERS would fitin the box? 

How many cubes in each layer? . > 

How many cubes fit in the box altogether?_ 

•THE VOLUME OF THE BOX IS CUBIC, 

CENTIME1ES. , • 

d. Measure the length, width, and height of the box in , 

. centimetres. 'Length cm; width cm; 

' c m. Multiply these numbers to find- • 



' B. DEVELOP YOUR ABILITY TO ESTIMATE IN CUBIC 
.CENTIMETRES ' ^ ' ' 



"You are now ready to develop your ability to/estimate 
in cubic centimetres. ' 

\, Remember W size of a cubic centimetre. For each of 
the followina items, use the procedures for estimating in , 
metres.- \ ■ ■ ■ ' 

■ HowClose 
Estimate {feasureraent \|lfereYou? 
\ , . (cm^) . (cm^) 



jTTlndeic card file 
■ box. 



2. Freezer container. 
3v Paper clip b^. 
4. Box of staples. ' 

n. THE LITRE (1) 




I 



A. DEVELOP A FEELING FOR A LITRE . 



V 



the volume in cubic centimetres. 



cmx 



cmx 



cm = 



cml 



Are the answers the same iac. and d,?^ ' 



1 . Take a one litre beaker and fill it with waiter. 

2. Pour the water into paper cups, filling each as full ais you 
usually do. Howmany'cupsdoyoufill? . 

THAT IS HGWMUCH IS IN ONE LITRE! 

3. Fill the litre^ntainer with rice. ^* 

^ THAT IS HOW MUCH IT TAKES TO FILL A ONE 
LITRE CONTAINER! \' |^ 



l^BT THIC 
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' B. DEVELOP YOUR ABILITY TO ESTttl/^TEIN'te 

■ You are now ready to develop your ability to estimate iji) 

\ Kttes. To iA two and one-half litres, you write 2.5 for 
. 2.5 litres. To write one-half litre, write 0.5 1, or 0.5 

^. ' litre. To wrife two and three-fourths litres, you write ' 

( • 2.751, or 2.75 litres. ■ y ' 

' I ' For each of the following items, use the procedures for- 



B. develop™ ABILITY TO ESTIMATE INMILLILITRES ' 



HowUose 

"Estimate Measurement Niere You? 
(1) (1) 



\ 



. , estimating in metjes. . 

/ 

t 

.1. Medium-size 
L .freezer container. 

Large freezer ' 
container,^ 

3, Small freezer 
, cont^ner. 

■ 4. Bpttleorjug. 
m, THEMft,LILrERE(ml) 



There, are ,1 000 millilitres in one lit/ e. 1 00 ml = 1 litre. Half 
a litre is 500 millilitres, or 0.5 litre \500 



A. DEVELOP A FEELING FOR A MLLILITRE 



Yop are now ready to estimat/ in millilitres. Follow the 
. procedures used ^r estimating metres. ; ' 

HowGose 

Estimate Measurement JereYoU? 

1. Small juiee can'. < * \ , 

2. Papercuportea • , . ' f 

„ cup., : 



3. ^ Soft drink can. *■ 
4.. - Bottle. 



IV. m CUBIC meireK ) 
' 'A. devedopafielingfoeacubicmJtbe 




\ 



1. Examine a centimetre cube. Anything which haldsf 
1 cm^ holds 1 ml. ' 

2. Fill a 1 millihtre measuring spoon wijtlii'rice. Empty the 
spoon into your hand. C^efully pour the rice into a 
small pile on a sj^eet of paper. % ' 

AT IS HOW MUCH ONE MILLILITRE IS! 

fir the rice into another 



^ « 1 . Place a one metre square on the floor next to th^ wall. 

2. . ^Measure a metre UP the wall. 

3. Picture a box that worn fit into that space. 
/ • THAT IS THE VOLUME OF ONE CUBIC METREH 

' B. DEVELOP YOUR ABftlTY TO ESTIMATE IN CUBIC METRES 
For each of the following items, follow the estimating proced- ^ 



ures used before. 



How Gose 
Estimate Measurement Were You? 



3. Fill the 5 ml spoAn with rice. 
. pilejonthe^she^ 01 paper. 



4. 



• TH/VTrlS J MILLILITRES, OR ONE TE.ASPOON! ' 

I ml spooja with rice, Pour,the rice irito a third 



1. Office desk. 

2. File cabinet. 

3. Small too||. 



TMTrlS? 

mthel5i 
pile on the paper. 



2$ 



ERiq 



THE 



.T{(AT IS 15 N^LLILITRES, OR ONE TABLESPOON! 
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MASS (WEIGHS) MEASUREMENT ACTIVpES 
Kilogram,.§ram 



• ■ / 



The mass of an object is a measure of the amount of matter in the , 
object. This amount is always the s^e unless you add or subtract sop* 

. patter'from the object. .Weight is the term that most people use when 
tl?ey mean mass. The weight of an object is apcted by gravity;, the 
mass of an object is not. For,example, the weight of a person on ejurth 

' might be 120 popds; that spe peon's weight on the moon would be 
20,poift]|ds. This difference's becauife the pull of gravity on the moon 
is Ifss than the pull of gravity on earth. A peison's mass on the earth 
and on the. moon would be \k same; Tlie metric system does not 

. measure weight-it measures masl We will use tqe term mass here. - 

' i ■ ■ ■ ■ ■ , ) 

. The symbol for gram is g. . . ■ . i 

» ■ . - ■ . ,1 ' 

The symbol for kilogram is kg. i ' * ' 

' ' ' ' - . * 

There are 1 000 ams in one kilogram, or 1 000 g = 1 kg. 
♦ Half 9 kilogram can be written as 500 ^,or 0.5 kg. • 
A quarter of a kilogram can be written a^50 g,or 0.25 kg. 
Two and three-fourths kilograms is written as 2.75 kg. 



1. THif KILOGRAM (kg) 

. ' 'DEVELOP A FEELING FOR THE MASS 01" A KILOGRAM 




Using a balance or scale, |ipd the mass of the items on the table. 
Before you find the mass, notice how heavy the object "feels" 
and comiWit to the reading on the scale or balance. 




■> 
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J 



PRir 



J 



Mass 
(kg) 




1. kilogram box. 

2. '^tbook. 

3. ' Bag of sugar. 

4. Package of paper. 

5. Your own mass. 



B, DEVELOP YOUR ABffllTY TO ESTIMATE IN KILOGRAMS 
. y ' ■ 
For the following items ESTIMATE thViass of th^ object in 
kilograms, thenVse the scafe or.balance to find the e^tact mass 
of the object. Wpte thejex^tit mass in the MEASUREMENT 
column. '"Determin£fe|Bjclesry6Itf1§Sti^ 

How Qose 

Estimate Measurement Were You? 
(kg) (kg) 



1. Bag of rice; 

2. Bag of nails. 

3. Large purse or 
briefcase. 

4. Another person. 

5. A few books. 



■ f 



Exercise 4 

(conti|iued on next page) 



/- >• 



1 



II. Tl^GRAM{g) 

A. DEVELOP A FEELING FOR A GR'AiM ]\{ " 

1. Take a cqlored'plasticcubQt Hold itin your hand. 
Shake the cube in y(mr.palm as if sha^ng dice. Feel the , 
" pressure on your hand when the cut^e^js in inotion, ther 
^ when^it is not in motion.' 

' THiriSHOWHE^^VYAGRAMIS! ", 



, 2r/ Jike second cube and 'attach it tt) the firet. . Shake the 
« cubeTili' first one hand and thenihe other'hand; restw . 
the cubes near the tips of your fingers, moving your 
'hand up and down. 

THAT IS THE MASS OF TWO GRAMS! 
3. Take five cubes in one hand and shake them afound. 



THATlSfHE MASS OF FIVE GRAMS! 



J . 



B. DEVELOP YOUR ABILITY TO ESTIMATE IN GRAMS 

■ , You are now ready to improve youl ability to estimate in , 
grams. Remember how heavy the 1 gram^'cube is, how heavy 
the two gram cubefcjre, and how heavy th^iVe gram cubes' 
are, Fpr each -of the followihgitems,.follo\ft the procedures ' 
used for estimating in kilograms. ■ , \ 



2( 
3. 

4. 
5. 
6. 



Two thumbtacks. 

Pencil. . 

Two-page letter 
and envelope. 

Nickel. 

Apple. 

Package of 
'margarine. 



• ' ^ HowQose 
Estimate MeasuremlBnt Werejfou? 

(g)-,-- ^ (g) . » . 



— =^ 
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TEMPERATURE MEASUREMENT ACTIVITIES 
Degree Celsius ' . . 



I. DEGREE CELSIUS , , - 
Degree Celsius (°C) is the metrii; measure for temperature. 

A. " DEVELOP A FEELING FOR DEGREE CELSIUS 

Take a Celsius thermometer. Loot at the marks on it. 



11 




1. Find 0 degrees. 

WATER FREEZES AT ZERO DEGREES CELSIUS (0°C) 

■ WATER BOILS AT 100 DEGREES CELSIUS (lOOtCj 

2. Find the temperature of the room. ^°C. Is the 

room cool, warm, or about right? • 

3. Put some hot water from the faucet into a container. 

■ Find the temperature, \C. Dip. your finger . 

'quickly in and out of the water. Is the water very hot,' 
hot, or just warm? ■ 

4. , Put some cold water in a container wfth a thermometer, 

Find the temperature. 'C. Dip your fiiiger into 

the water. Is it<:ool, cold, or very cold? v / 

5. Bend your arm with the inside of your elbow around the 
bottom of the thermometer. After about three minute? 

■ find the temperature, °C. Your skin tempera- 
ture is not as high as your body teraperature. 

• NORMAL BODY TEMPERATURE, IS 37 DEGREES 
; ■ CELSIUS (a7-C). 

AFEVERis39''C. 

A VERY HIGH FEVER IS 40°C. 



" B. DEVELOP YOUR ABILITY TO ES.TIMATE IN DEGREES 
CELSIUS ^ 

' For each item, ESTIMATE and write down how many degrees 
Celsius you think it is. Then measure and write the MEASURE- 
MENT. See how close your estimates and actual measure- 
ments are. 

How Close 

Estimate Measurement Wete'You? 

•1. ^ Mx some liot and. 
cold water in a 
container. Dip your 
, finger into the j| , 
'water. ^ 

2. Pour out some f ' , 
the water. Add some 
hot water. Dip your ^ 

finger quickly into . , , 

the water. 



3. Outdoor tempera- 
ture. 

4. ' Sunny window sill. • 

5. Mix of ice and water. 

6. Temperature at 
floor. . 

7. Temperature at 
ceiling. 



7 
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^ OBJECTIVES 

The student will recognize and use the metric 
temB, units, and symbols used in this occupa- 
tion, 

• Given a metric unit, state its use in this 
occupj^tion. 

• Given a measurelfient task in this pccupa-/ 
tion, select the' appropriate metric unit 
and measurement tool. 



SUGGESTED TEACHING SEQUENCE 



2» 



1. Assemble metric measurement tools (rules, 
tapes, scales, thermometers, etc.) and 

■ . objects related to this occupation. 

2. Discuss with students how to read the 
took 

3. Present and have students discuss ' 
Information Sheet 2 and Table 2. 

4. Have students leamoccupationally- 
related metric measurements by complet- 
ing Exercises 6 and 7. 

5. Test performance by using Section A of 
■ "Testing Metnc Abilities." ' 
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METRICS IN THIS OCCUPATM 



Changeover to the metric system is under way. Large corporations are already using 
metric measurement'io compete jn the worid market. The metric system has been used in 
• various parts of industrial and scientific communities for ymt. Legislation, passed in 
1975, authorizes an orderly transition to use of the metric system. As businesses and 
industries make this metric changeover,' employees wilLneed to use metric measurement 
' in job-related tasks. 

Table 2 lists those n)etric terms v^hicli are most commonly used in this occupation. 
These terms^are replacing the measurement units used currently. What kinds of job- 
related tasks use measurement? Think of the many different kinds of measurements you 
now make and use Table 2 to discuss the metric terms which replace them. See if you 
clln add to the list of uses beside each metric term. » 

• J 



\ 




Information Sheet 2 
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Metric Units for Tool and Die Maldng 



J 



Quantity 



Length 



Area 



Unit 



micrometre; 



millimetre. 



centknetre 



metre' 



square millimetre 



square centimetre < 



square metre 



Volume/Capacity 



; 



Mass 



millilitre 



litre 'J 
cul^centimetre 



cubic metre 



gram 



Symbol 



jKm 



mm 



cm 

4 



nun 



cm 



^2 ^' 



ml 



cm 



m 




Use 



Surface finishes* 



Screw and bolt lengths and diameters; wrench and drill hole sizes 



Length oflathe bed, swing 



Wire length, dimensions of large die 



Cross sectional area of wirej^rea of small openiri^ > 



Area of an opening 



Floor area 



Cutting oils, lubricants, chemicals, solutions, paints** 



Containerize** 



Concrete purchase, excavation of dirt for preparing machine beds 



Dry or solid material, cleaning.compounds, dry powders, 
fasteners; small machined parts, 



*Surface finish is given in micrometres. f . . l • 

Example: 0l/^asupeifmishsimaartoaveryfmebutt,l.p,bur.W>.orb#^ 
Note: The roughness values ate the average deviation in micrometres. 1 micrometre - a.001. mm , 



**Uh, containers, and auto engine displacement will be measured either in litres and millilitrei orfe cubic centimetres and cubic metres, 



ov' 



06' 
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TRYING OUT METRIC UNITS 




To give you practice with metric units, first estimate the measurp- 
ments of the items below. Write down your best guess next to the item. 
Then actually measure the item and write down your answers.using the 
correct metric symbols. The more you practice, the easier it will be. ■ 






Estimate 


^ Actual 




16. Measuring cup (metric) 












- 




Estimate 


Actual 


1 muK coniainer . 


18' Jug 






Length 
^ 1. Palm width 






19. Bucket 


\i 




2. Hand span 






on n 11 1 

^0. Small box 






n t7 I'll 

3.. Your height . > 




■ ", ■ ' ' 


21. Bench oiler or oil gqn 






* 


4. Desk height 




! 


22, Toolbox 




) 


5. Distance between cepters 






Mass 

23. Machinist handbook - 






6. Pencil 






. 7. Lathe bed 






24, Nickel 






8. SmaU table height 






25. Yourself 






9. Classroom 




> 


: ' ; V 

ZD. Macninea part \ 


\ 




Area 

lu. Liesft bop 




• 


11. looibox 






zo. A iiire 01 water (net) 


t 




11 Classroom' floor 






12. Workbench 






Temperature 
29. Outside 






13. Machine placement area 






30. Classroom 






14. Sheet of paper 






31. Hot tap water ' ■ 






Volume/Capacity ■ 
15. Small,bottle 








32. Cold water 
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Exercise 6 



TOOL ANDCIE MAKING WITH METRICS 



It is important to kiiow what metric measurement to use. Show 
what measurement to use in the following situations. 



1, Length pfjfathe bed 



2; Length and width of a workbench 



3. Areaofa work^ench 



4. Mass of a machined part 



5. Massofapiece'ofsteel 



6. Diameter of a piece of pipe 



•J. Volume of a container of 
cutting oil 



• 8. Length of a hacksaw blade 



9. . Thickness of a hacks'aw blade 



10. Mass of a roll of solder 



11. Volume of a can of metal coating 



'■^ 12. Length of a bench grinder tool 
rest 



!\ 13. Mass of quantity of bolts 



14: Length o; 



R metal punch 



15. Mass of a die 



it. Diameter of a drill bit j 



17, Air pressure setting of a mathine 



18. Inside diameter of a die 
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19. Spacing of tool rest for off-hand 
grinding 



20, Lenjth of emery cloth 



21. Surface finish on a machined part 
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UNIT 



' OWECnVE 

I 

The student will recognize and use met- 
ric equivalents. 

• Given a metric unit, state an 'equivalent 
in a larger or smaller metric unit. 



SUGGESTED TEACHING SEQUENCE 

L Make available the Information Sheets 
(3 - 8) and the associated Exercises ' 
(8 -14), one at a time. 

2. As soon as you have presented the 
Information, have the students complete 
each Exercise/ 

^3. Check their answers on the page titled 
ANSWERS TO EXERCISES AND 
TEST. 

4. Test performance by using Section B of 
' ;\ "Testing Metric AbUities." 



METRIC-METRIC EQUIVALENTS 
Centifiietres and Millimetres 



1= 






2 3 4 5 6 




1 2 3 4 5 6 



Look it the picture of the nail ne^t to the ruler, The nail is 57 mm long. This is 5 cm + 7 mm. 
There are 10 mm in each cm, so 1 mm = 0.1 cm (one-tenth of a centimetre). This means that 
7 mm = 0.7 cm, so 57 mm = 5cm + 7mip 
= 5cm+0.7cm 

= 5.7 cm. Therefore 57 mmis the same as 5,7 cm.' 

N6w measure the paper clip. Itis34mm. This is the same as 3 cm + mm Sinceeach 

raillunetre is 0.1 cm (one-tenth of a centimetre), 4 mm = cm. So, the paper clip is 

34mm= 3cm + 4 mm • ^ f 

= 3 cm +0.4 cm ' 

= 3.4 cm. This means that 34 mm is the same as 3.4 cm. 
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Now you try some. 

a ) 26 ram = 

b) 583mm' 
c )■ 94mm = 
d) 680mm = 



.cm 
,cm 
cm 
.cm 



e) 132 mm > 

f ) .802ram = 

g) 1 400mm 

h) 2307mm 



, cm 
. cm 
, cm 
cm 



00 
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iletres, Centimetres/and Milllmet res 

There are 'lOO centimetres in one metre. Thus, 



2m» 2xl00citi« 200cin, , 
3m* 3xl00cnf 300cm, 
8tn« 8x100cm' 800cm, 



36 ID ''36 X 100 cm -a 600 cm. . 

There are 1 000 millimetres in one metre, so , 

2m' 2xl,000mm' 2 000mm, 
3m',3xl000mm' 3 000 mm, 
6m' 6xl 000mra« 6000mm, 
24m"24xl000mra'24 000mm. 

From your work with decimals you should know that 

one-h?lf of a metre can be written 0.5 m (five-tenths of a metre), 
one-fourth of a centimetre can be written 0.25 cm 
(twenty-five hundredths of a centimetre^. 

This means tiiat if you want to change three-fourths of a metre to , 
millimetres, you would multiply by 1 000. So ^ 

0.75 m= 0,75x1 000 mm 

s jjjgxl 000mm 

* IJOO 
» 75x 100""" 

= 75x10 mm 

■ 750 mm, This means that 0,75 m * 750 mm, 



Information Sheet 4 



Fill in the following chart. 



ERJCa 



metre 


centimetre 


millimetre 


m 


cm 


mm 


1 


100 


1000 


2 


200 




•3 






9 










5000 


74 






0.8 


80- 




0,6 




600 > 




2.5 


' 25 






148 




639 





Exercise 9 
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Millilitres to Litres ' 

There are 1 000 millilitres in one litre. Thiff means that 



2000 millilitres is the same as 2 litres, 

3 000 ml is the same IS 3 litres, 

4 000 ml is the same as 4 litres. 
12 000 ml is the same ai 12 litres. 



Since there are 1 000 millilitres in each litre, oile way to change milli' 
litres to litres is to divide by 1 000. For example, 



Or 



1000 

1 000 ml • 7^ litre -1 litre. 

2000 ^ 

2 000ml -jgjt^^tKres- 2 litres. 



And, as a final example, 

' 28000' 
28000 ml » -^litres- 28 htres. 

# ■■ 
What if something holds f 00 ml? How many litres is this? THisis 
worked-thesameway, 

500 ml 'Y5i ' "'^ (fivc-tenthj of a litre ). So 500 ml 
■ is the same as one-half (0.5) of a litre. 

Change 57 millilitres to litres. " ' ' ' 

57 ml litre » 0-057 litre (fifty-seven thousandths of a 



litre). 



Information Sheet 5 

.Now you try some. Complete the following chart. 



millilitres 


litres 


(ml) 


(1) 


3000 


3 


6 000 






8 


14 000 






23 


300 


0,3 


700 






, 0,9. 


■ 250 






0,47 


275 





Exercise 10 
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Litres to Millili 



What do you do if you need to change Htres.to millililres? Remember, 
there are 1 000 millilitres in one litre, or 1 litre = 1 000 ml. 



So, 



2 litres = 2 x 1 000 ml = 2 000 ml, 
7 litres = 7 x 1 000 ml ='''7 000 ml', 
13 litres =lo x 1 000 ml =13 000 ml, 
0.65 litre = 0.65x 1 000 ml = 650 ml 



Information Sheet 6 

Now you try some. Complete the following chart. 



litres 
1 • 


militres 
ml 


8 


8000 


5 




46 






32000 


0.4 




0.53 






480 
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Grams to Kiloframs 

There are 1 000 grams in one kilogram, This means that ■ 

2 000 grams is the same as 2 kilograms, 
5 000 g is the same as 5 kg, 

700 g is the same as 0.7 kg, an||so on. 

To change from grams to,kilograms, you use the same procedure for 
changing from millilitres to litres, 



Try the foilowing ones. 



Information Sheet 7 



4U 



gnmi 
i 


Idlograms 


4000 


4 


9 000 




23000 






8 


m 




275 
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Kilograms to Grams 

To change kilograms to grams, you multiply by 1 ijoo, 

■} kg= '4 xlOOOg= 4p00g, 
23 kg = 23 xl 000g = 23b00g,' 
0.75 kg = 0.75 xl 000 g= 750 g.' 



Complete the, Mowing chart. 



Information Sheet 8 



kilogranu 
■« 


grains 
K 


7 


7 000 


11 1 






25000 


0.4 j 




0.63 ' 
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Changing Uiuts at Work 

Some of the things you use in this occupation may be measured ir 
different metric units. Practice clianging each of the following to 
metric eqillvalents by completing these statements. 



2 ) 500 cm of steel rod is 

b ) 250 ml of rust preventative is. 

c ) 5 cm diameter pipe is. 



^ ) 2 500 g Qf lapping compound is 

0 120 mm drift is ^ _J 

n 0.25 litre of paint is _____ 

2000 kg of steel i8_ 

'^l 30 cm hacksaw is 



I ) 10 cm bolt length is 

J ) 500 g of hand cleaner is 



' ) 500 ml of cutting oilis__ 
2 litres of cutting flfiid IT 

"UOmmdieis 

^ ) 150 mm reamer is 



m 
"l 
mm 

'.H 

. cm 
I ml 
.t 

, ram 
mm 

nun 
1 

ml 
cm 
cm 



NT 
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UNIT 



OBJECTIVE 

The student wUl recognize and use 
instruments, tools, and devices for mea- 
surement tasks in this occupation. 

•. (jiven metric and Customary tools, 
* instruments, or devices, differentiate 
between metric and Customary. 

• Given a measurement tasic, select 
and use an appropriate tool, in- 
strument or device. 

• Given a metric measurement task, 
judge the metric quantity within 20% 
and measure within 2% accuracy. 

SUGGESTED TEACHING SEQUENCE 

1. Assemble metric and Customary measur- 
ing tools and devices (rules, scales, °C 
^ thermometer, drill bits, wrenches, • 
' micrometer, vernier calipers, feeler gages) 
and display in separate groups at learning 
stations. , 

2. . Have students examine metric tools and 
instruments for distinguishing character- 
istics and compare them with Customary 
tools and instruments. 

3. Have students verbally describe charac- 
„. teristics... : 

4. Present or make available Information 
Sli?et9. 

5. Mix metric and Customary tools or 
equipment at learning station. Give 

.. studen'te Exercises' 15 and 16. 

*'6, ' Test performance by using Section C of 
■ "fgstingMetric'Alilities." 




SELECTING AND USING. 

METRIC INSTliUMENTS , TOOLS AND .DEVICES 

Selecting an improper tool or misreading a scale can resuliin an improper sales form-; 
jiamaged materials, or^njury to self or fellow workers. For example, putting a piece of 
machinery or a casting with a mass of 2 000 kilograms (about 4400 pounds) on a one-ton 
electric crane designed to hoist 2000 pounds could cause a serious accident. Here are some 
suggestions: ' ^ 

1. Find out in advance whether Customary or metric units, tools, instruments, or pro- ' 
ducts are needed for a given task. " ; 

2. Examine the tool or instrument before using it. 

3. The metric system is a decimal system. Look for units marked off in whole numbers, 
tens or tenths, hundreds or hundredths. 

4. Look for metric symbols on the tools or gages such as m, mm, kg, g, kPa. 

5. Look for decimal fractions (0.25) or;lecimal mixed fractions (2.50) rather than com- 
mon fractions (3/8) on drill bits, feeler gages, etc. i 

6. Some products may have a special metric symbol such as a block M to show they are 
metric. ;. 

l' Don't force bolts, wrenches, or other devices which-are not fitting properly, 
8. Practice selecting and using tools, instruments, and devices. 
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WHICH TOOLS FOR THE JOB? 



Practice and prepare to demonstrate your ability to identify, 
select, and uk metric-scaled tools and instruments for the tasks given 
below. You should be able to use the measurement tools to the appro- 
priate precision of the tool, inst rument, or task. 

1. Turn a piece of steel on a lathe to 20 mm. 

2. Check the diameter of a round dowel. ■ 

3. Measure the pitch of an M3 tap. 

4. DriD a 6 mm diameter blind hole in a piece of steel. 

;. Measure the hole drilled in No. 4: 
a. Diameter 
bT Depth 

6. Tap a M3^ 0.50 hole in a piece of steel. 

7. Locate and scribe two centers for holes on a 10 cm 
- cehterline. 

t 

^ "i. Measure the distance across the flats on a piece of hex 
material. 

9. Grind a piece of steel to ay/ surface finish. 

10. Check the temperature of a liquid bath for heat treating 



MEASURING UP TOOL AND DIE MAKING 



11. Space holes equally on a disc. 

12. Adjust the infeed rate on a cylindrical grinder 

13. Set the infeed rate on a cylindrical grinder to cut a taper. 



Q6' 
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For the tasks below, estimate the metric measurement to within 
I of a(|ial measurement, and verify the estimation by measuring 
to within 2% of actual measurement . 



l.niicknes8ofcut^)ffwheelona 
grindef 



Estimate 



2. Spat^ of tool rest for off-hand 
grinding 



3. Mass of steel for a product 



4. Diameter of a wire for a product 



5. Diameter of a round rod for a 
product 



6. Dimensions of hand chisel blanks: 



a. Length 



b. Ihickness 



7. Dimensions of hot rolled plate for 
a job: 



a. Length 



b. Width 



c. Iliickness 



8. Temperature of quenching oil f«i^ 



9. Length of steel bar stock for a jbb 



10. Volume of a contdner of cutting 
oil to be requisitioned / 



11. Dimensions of polished drill rod or 
tool steel: 



a. Diameter 



b. Length 



12. Maximum cut on a milling cutter 
with a tool and cutter grinder 



. Verify 



Exercise 16 
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UNIT 




OBJECTIVE 

The student will recognize and us« metric 
and Customary units interchangeably in order- 
ing, selling, and using products and supplies in 
this occupation. 

• Given a Customary (or metric) measure- 
ment, find the metric (or Customary) 
equivalent on a conversion tabl6. ' 

• Given a Customary unit, state the re- 
placement unit. 



SUGGESTED TEACHING SEQUENCE 

1 . Assemble packages and containers of , 
materials. 

2. Present or make available Information 
Sheet 10 aiid Table 3. 

3. Have students find approximate metric- 
Customary equivalents by using 
Exercise 17, 

4. Test.performance by using Section D of 
"Testing Metric Abilities." 



METRIC-CUSTOMARY EQUIVALENTS 



During the transition period there will be a need for finding equivfalents between systems. 
Conversion tables list calculated equivalents between thf two systems. \\m a cjose equivalent 
is needed, a conversion table can be used to find it. Follow these steps: 

1. Determine which conversion table is needed. 

2. L'ook up the known number in the appropriate column; if not listed, find numbers you 
■ can add together to make the total of the known number. 

..J 

3. Read the equivalent(s) from the next column. 

Table sji the next'page gives an example of a metric-Customary, conversion table which 
you can use Sr practice in finding approximate equivalents. Table 3 can be used with Exercise 
17, Part 2 and Part 3. 

Below is a table of metric-Customary equivalents which tells you what the metric replace- 
ments for Customary units are.* This table can be used with Exercise 17, Part 1 and Part 3. The 
symbol * means "nearly equal to." 

\ 



1cm* 0.39 inch 
lm*3,28feet 
lm*1.09 yards 
lkm^0:62 mile' 

1 cm- * 0.16 sq in 
lml=^10,8sq ft 
Im^ ^l,2sqyd 
1 hectare ^ 2.5 acres 

1 cm'' * 0.06 cu in 
1 m^ ^ 35.3 cu ft 
Im-^ ^1.3cuyd 



1 inch 2.54 cm 
1 foot * 0.305 m 
1 yard 0.91 m 
1 mile 1,61 km 
1 sq in 6,5 ttit^ 
1 sq ft* 0.09 m' 
1 sq yd = 0.8 m^ 
1 acre * 0,4 hectare 
1 cu in * 16,4 cra^ 
lcuft*0,03m^ 
1 cu yd * 0.8 m-' 



lml*0.2tsp ltsp*5ml 

1 ml * 0.07 tbsp 1 tbsp * 15 ml 

ll*33.8floz lfloz*29.6ml 

1 1 * 4.2 cups 1 cup - 237 ml 
1 1 * 2.1 pts 1 pt - 0.47 1 
ll=sl.06qt lqt*0.951 
ll*0.26gal 1 gal* 3.791 
1 gram * 0.035 oz loz*28.3g 

lkg*2.21b llb*0,45kg 
1 metric ton* 2205 lb 1 ton ^ 907,2 kg 

IkPa* 0,145 psi - 1 psi =^ 6,895 kPa 



♦Adapted from Lei's Measure Metric. .4 Teacher's Introduction to Metric Memremenl^dmm of Educational 
Redesign and Renewal, Ohio Department of Education, 65 S Front Street, Columbus, OH 43210, 197o, 



CONVERSION TABLES 

MILLIMETRES TO INCHES 



\ 



mm 


Inches 


mm 


Inches 

^ 


mm 


Inches 


mm 


Inches 


lUU 




10 


A OA 

0.39 


1 


0.04 


0.1 


0.004 


ZUU ) 


- 7.87 


OA 


0.79 


2 , 0.08 


0.2 


0.008 


oUU 


1101 

1L81 


OA 

30 


1.18 


3 


0.12 


0.3 


0.012 


40U 


1 C ^ i 

15.74 


40 


1.57 


4 


0.16 


oi 


0.016 . 




19*00 


oO 


1 A^ 

197 


5 


0.20 


0.5 0.020 






60 


A Otf> 

2.36 


6 • 


0.24 


0.6 


0.024 


700 • 
^ 


27.56 ' 


70 


2.76 


7 


A AA 

0.28 


0.7 


0.028 


800 ^ 
;;u- 


3150 


80 . 


3.15 


8 


0.31 


0.8 


0.031 


900 V 


35.43 


90 


3.54 


9 


0.35 


0.9 


0.035 








1 000 mm or 1 metre = 39.37 inches 








INCHES TOM 

? 1 


.UMETRES 














Inches 5 v 


nun 


Inrhpfl 


mm 


Inches 


mm 


Inches 


mm 


! 

1 


25.4 


0.1 


2.54 


.01 


0.25 ' 


.001 0.03 


0 


50.O 


A A 

0.2 


5.08 


.02 


0.51 


.002 


0.05 


0 
0 


76,2 


A 0 

0,3 


7.62 


.03 


0.76 


.003 0.08 


4 


101.6 


A i 

0.4 


10.16 


.04 


1.02 


.004 


0.10 


5 


1 A^V A 

127.0 


0.5 


12.70 


.05 


1.27 


.005 


0.13 


0 


1 ttO >4 

ldZ,4 


0.6 


15.24 . 


.06 


1.52 


.006 


0.15 




177.8 


0.7 


17.78 


.07 


1.78 


.007 


0.18 




203.2 


0.8 20.32 


.08 


2.03 


.008 0.20 




228.6 


0.9 


22.86 


.09 


2.29 


' .009 


0.23 



10 inches = 254 mm 
12 inches or 1 feet - 304.8 mm or 30.48 cm 
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Table 3 



2S 



ANY WAY YOU WANT IT 



1. You are working in a tool and die siiop. With tiie ciiange to metric 
measurement some of the things you order, sell or use are marked 
only in metric units. You will need to be familiar with appropriate 
Customary equivalents in order to communicate with customers 
and suppliers who use Customary units. To develop your skill use 
the Table on Information Sheet 10 and give the approximate 
metric quantity (both number and unit) for each of the following 
Customary quantities. 



Customary Quantity 



Metric Quantity 



2 lbs. of aluminum 



4 qts! of rust preventative 



3/4 in.diameter pipe 



8 oz. hammer 



100 lbs; of steel 



Sin. long dowel 



two^on can 



4 in. paint brush 



16 fl.oz. of center lube 
I — — 



7/16 in. reamer 



Ipt. of cutting fluid 



1 gal. of thread ciitting oil 



12 in. length wrench 



6 ft. steel tape 



6 in. depth gage 



2. ' Use the conversion tables from Table 3 to convert the following: 



a) 


0.002 in. = 


' mm 


c) 


0.25 in. = 


mm 


b) 


0.020 in. = 


mm 


d) 


0.125 in. = 


mm 



e);.2,0inm = in. 


i ) 300 mm = in. 


f ) i^O.Omm ^' 


in. 


j ) 915 mm = in. 


g) 0.500 in. = ,'^ 


mm 


k) 5mm = in.., 


h) 9.00 in. = , 


mm 


1 ) 125 mm = in. 



3. Complete the Requisition-Form using the items listed. Convert; 
the Customary qiiaQtities to metric before filling out the form. 
Complete all M information (Date, For, Job No., etc.). 
Order the folidwing tool and die making supplies: ' 

a) Four 1 in. paint brushes 

b) Six Ipt. cans of tapping bil 
^■|/;Two 6 ft. steel tapes 

d ) iHm Vi lb. jars of lapping compound ' • 

e ) Six hand chisel blanks, '/4 in. by in, by 9 in. 



REQUISITION 




For 



Job No. 



Date Wanted 



Deliver to 



QTY 



UNIT 




.5 

Requested by 
Approved by 



00 
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Exercise 17 
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SECTION A 

1. Om kilogram ii tbout the man 
ofi: 

[A] nickel 
(B| appllseed - 
(Cj basketbaD ' 
[D] Volkiwaien "Beetle" 

2. A iquare metre is about the 
ma of: _ 

[A] this sheet of paper 

[B] a card table top 

(C| aliedspread ' 
(D| a postage stamp 

3. The length of screws and bolts 
is me^ured in: 

[A] grams 

[B] centimetres • 

[C] millimetres 

[D] pascals 

4. Surface finishes are measured in: 

[A] milliirams 

[B] micrometres 

[C] centimetres 
[D| miUilitres 



• 5. The correct -way to writ^t wenty- 
grams is: 

|A| 20|pns . 
|B] 20 Gm. 
[CI 20 g. 

4 

(D| 20j 



6. The correct way to write twdTt 
thousand millimetrei is: 

[A] 12,000 mm. 

[Bl 12.000 mm 

[C] 12000mm 

[D| 12 000 mm 



SECTION B 

A piece of steel sheet 20 centi- 
metres wide also has a 'width of: 

[A] 200 millimetres 

[6] 2 millimetres 

, [C] 0.2 millimetre 

[D] 2 000 millimetres 

8. A container of 750 millilitres 
of cutting oil is the same as: 

[A] 750000Utres 

[B] 7 500 litres 

[C] 7.5 litres 

[D] 0.75 litre 



SECTION C 

9. For measuring in millimetres 
you would use a: 

[A I container 

[B| thermometer 

[C] pressure gage 

[D] ruler 

10. For measuring Celsius you ' 
would use a: 

[A] pressure gage 

[Bl ruler 

[C] thermometer 

[D| container 



EMC 
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11 Estimate the length of the lint 
segment below: 

I 1 

^ [A] 23pams 

[B| 6 centimetres 

[C| 40 millimetres 



this convenioii table to 
answer questions 15 and 16. 



'[Dj 14 pascals 



12. Estimate the length of the line 
segment below: r 



[A I 10 millimetres 

[B] 4 centimetres ^ 

[C| 4 pascals 

[Dj 23 milligrams 

SECTION D 

13. The metric unit for liquid measure 
which replaces the fluid ounce is: 

[A] gram 

[B] millilitre 

[C] litre 

[D] 'hectare ■ » . 

14, The metric unit for mass which 
replaces pounds is: 

[A] kilopascalB ;^ 

[B] kilograms 

[C] grams 
(D I metres 



nun 


in. 


nun in. 


1 


' 0.04 


01 


0.004 


2 


0.08 


0.2 


0.008 


3 


0.12 


0.3 


0.012 


4 


0.16 


0.4 


0.016 


e 

0 




0.5 


0.020 


6 


0.24 


0.6 


0.024 


7 


0.28 


0.7 


0.028 


8 


0.31 


0.8 


0.031 


9 " 


0.35 


0.9 


0.036 


10 


0,39 







15. Thei^uivalent mm is: 

[A] 0.500 in. 

[B] 0.12 in. 
• [C] 0.47 in. 

[D] 0.398 in. 

16. The equivalent of 2.5 mm is: 
(Al 0,100 in. 

[B] 2,5 irv. 

[C] 0.25 in. 

[D] 0.010 in. ■ -» 



TESTING METRIC ABILITIES 



ANSWERS^O EXERCISES AND TEST 



25 



EXERCISES 1 THRU 6 

The answers depend on the items 
used for the activities. 

EXEIjCISE? 

Currently accepted metric units of 
' measurement -for each question are ' 
shown in Table 2. Standards in each 
occupation are being estabhshed 
no\Y/so angers may vary, 



Exercise 10 



Exercise 13 



EXERCISES 

a) 2.6 cm 
■ b) 58.3 cm 

c) 9.4 cm 

d) 68.0 cm., 

EXERCISES 9 THRU 13 



e) 13.2 cm 

f) 80.2 cm 

g) 140,0 cm 

h) 230.7 cm 



millilitres 
ml 


litres 
1 


nnn 

0 uuu 


0 


b UUU 


(p) 


(o UUUj 


0 


lUOOO] 


(14) 


(23 000)- 


25 


300 


0.3 


700 


, (0.7) 


(900) 


0.9 


250 


(0.25) ■ 


,(470) 


0,47 


! 2'75- 


(0.275,) 



kilograms 
kg 


grams 

^ ' ' 


, 7 


7 000 


11 


(11 000) 


(25) 


25 000 


0,4 


(4O0) 


0,63 


(630) 


(0.175) 


. 175 



Exercise 14 



Tables are reproduced in total. An- 
swers are in parentheses. 

Exercise 9 



Exercise 11 



metre 


centimetre 


millimetre 


' ra 


cm 


mm 


1 


100 


' 1,000 


2 


200 J 


(2 000) 


3 


(300) 


(3 006) 


. 9 


(900) 


^ (9 000) 


(5) 


(500) 


5 000 


74 


(7 400) 


. (74 000) 


0.8, 


80 


(800), 


0.6 


(60) 


600 


(0,025) 


2,5 


1 25 . 


(0,148) 


(14.8) 


148 


(6.39) 


639 _ 


, (6 390) 



litres 
■I 


millilitres 

, ml 


-4- 


8 000 




• (5 000) 


. 46 ■ 


(46 000), 


(32) 


32 000 


^.4 


(400) 


0.53 


(630) 


(0.48) 


480 



a ) 


5m 


i) 


100 mm 


b) 


0.25 litre : 


j) 


0.5 kg 


c) 


50 mm 


k) 


3 0001nm 


d) 


2.5 kg 


1) 


0.5 litre 


e ) 


12 cm 


m) 


2000 ml 


f ) 


250 ml ' 


n) 


1 cm 


%) 


2t 


0) 


15 era 




300 mm 







EXERCISES 15 AND 16 

The answers depend on the 
items used for the activities. 



Exercise 12 




grams, 
g 


kilograms 
kg 


4 000. 


4 


,9000 


(9) 


23 00V 


(23) 


L8 000) 


s 8 


300 


(0.3V 


275 


(0.275) 



EXERCISE 17 
Parti. 

a 
b 
c 
d 

e . 

A ) 7.62 cm 
i) 7.58 litres 
h) 10.16 cm 



3,80 litres- 
1.905 cm 
226.4 g ' 



i ) 473.6 ml 

j ) 1.111cm 

k) 0.47 litre 

1 ) 3.79 litres 

m) 30.48 cm 

n). 1.83 m 
0)^5.24 cm 



Part2. 

a) 0.05mm 

b) 0.51mm 

c ) 6.35 mm 

d) 3.18 mm 

e) 0.08 in. 

f ) ' 0.79 in. 
%) 12,70 mm 
h) 228.6 mm 

11.81 in. 
36.02 in. 
0.20 in. 
4,92 in. 



Parts. 

a) 4 -2.54 cm 

b) 6 -0.47 litre 

c) 2-1.83ra , 
d ) 3 - 0.225 kg 

e) 6- 0.635 cm'by 0.635 cm by 
22.86 cm 



TESTING METRIC ABIUTIES 



1. 


C 


9. 


D 


xl. 


B 


10. 


C 


3, 


C 


• 11. 


B 


' '4. 


'B 


12. 


'a 


^ 5; 


D 


13. 


B 


'■i 


D 


14. 


■B 


7. 


A 


15. 


C 


8. 


D 


16, 


A 
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SUGGESTED METRIC TOOLS AND DEVICES 
NEEDED TO COMPLETE MEASUREMENT TASKS 
IN EXERCISES 1 THROUGH 5 

(* Optional)' 



LINEAR 



Metre Sticks 
Rules, 30 cm 
Measuring Tapes, 150 cm 



*MetreTape,10in 
♦■ftundle Wheel 
*Area Measuring Grid 

VOLUME/CAPACiTY 

^Nesting Measures, set of 5, 

50 ml -1000 ml 
Economy Beaker, set of 6, 
50ml- 1000ml 

Metric Spoon, set of 5, 

lml-25ml 
Dry Measure, set of 3, • , 

50,125,250 ml 

Plastic Litre Box 
Centimetre Cubes 



MASS- 

Bathroom Scale 
^Kilogram Scale 
*Plitform Spring Scale 

5 k£ Capacity 

10 kg Capacity 
Balance Scale with 8-piece 
' mass set 

*Spring Scale, 6 kg Capacity 
TEMPERATURE 
Celsius Thermometer 
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SUGGESTED METRIC TOOLS AND DEVICES 
NEEDED TO COMPLETE OCCUPATIONAL 
MEASUREMENT TASKS 

In this occupition the tools deeded to complete Exercises 6, 
15, and 16 are indicated by V 

* A. Assorted Metric Hardware-Hex nuts, washers, screws, 

cotter pins, ete. 

* ' B. Drill Bitf-Individual bits or sets, 1 mm to 13 ram range 

* C. Vernier Caliper-Pocket slide type, 120 mm range 

* D. Micrometer-Outside micrometer caliper, 0 mm to 25 mm 

range 

E. Feeler Gage-13 blades, 0.05 mm tol mm range 

F. Metre Tape-50 or 100 m tape 

G. Hiermometers-Special purpose types such as a clinical 

thermometer 

H. ' Temperature Devices-Indicators used for ovens, freezing/ 
coohng systems, ete. 

. * I. Tools-Metric open end or box wrench sets, socket sets, 
hex key sets 

J, Weather Devices-Rain ^e, barometer, humidity, wind 

velocity indicators' 
K. ' Pressure Gages-^ire pressure, air, oxygen, hydraulic, fuel, 

ete. 

L. 'Velocity-Direct reading or vane type meter 

M; Road Map-Stete and city road maps 

•N. Containers-Buckets, plastic containers^ ete., for mixing 



0. Containers-Boxes, buckets, cans, ete., for mixing and 



Most of the above items may be obtained from local industrial, 
hardware, and school suppliers, Also, check with your school district's 
math and science departments and/or local industries for loan of their 
metric measurement devices. 



'Meaiuring devices currently are not available, Substitute devices (i.e., thermometer) 
may be used to complete the measurement task. 
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REFERENCES 



UnMmureMitrit A Tmhifi Introduction^^ Divi- 
lion o{ Gducationil Redesign and Reniwil, Ohio Department of Educi* 
tion, 65 S. Front Street, Columbu, OH 43216, 1975, 80 pegei; $160, 
muit include check to itite treiniref . 

Activity-oriented introduction to the metric lyitem deiigned for indepen- 
dent or (roup inicrvice education itudy. Introductory Information about 
metric meaiurement; reproducible exerdies apply metric concepts to 
common measurement situations; laboratory ictivitiei for individuals or 
groups. Templates for making metre tape, litre box, square centimetre grid. 

Memring with Meten, or, How to Mgh a Gold Brick with o Meter-Stick 
Metrication Institute of America, P.O. Box 236, Northfleld, IL 60093, 
1974. 23 min., 16 mm, sound, color; $310.00 purchsse, $31.00 rental. 

Film presents units for length, area, volume and mass, relating each unit 
. to many common objects. Screen overprints show correct use of metric 
symbols and ease of metric calculations. Relationships among metric 
measures of length, area, volume, and mass are illustrated in interesting 
and unforgettable ways. » 

Metric Education, An Annotated BibliogrQj^. fDr Vocational Technical and 
Adult Education, 'Product Utilization, The Center for Vocational Edu- 
cation, The Ohio State University, Columbus, OH 43210, 1974, 149 
pages; $10.00. 

Comprehensive bibliography of instnictional materials, reference mate- 
rials and resource list for secondary, poet-secondary, teacher education, 
and adult basic education. Instructional materials indeked by 15 occu* 
pational clusters, types of materials, and educational level. 

Metric Education, A Position Paper for Vocational Technical and Adult Edu- 
cation. Product Utilization, The Center for Vocational Education, The 
Ohio State University, Columbus, OH 43210, 1975, 46 pages; $3.00. ^ 

Papfer for teachers, curriculum developers, and administrators in voca- 
tional, technical and adult education. Covers issues in metric education, 
themetric system, the impact of metrication on vocational and technical 
education, implications of metric instruction for adult basic education, 
and curriculum and instructional strategies. 

Metrics in Career Education. Llndbeck, John R., Charies A. Bennett Company, 
Inc., 809 W. DetweOler Drive, Peoria, IL 61614, 1975, 103 pages, $3.60, 

paper; $2.70 quantity school purchase. 

^ ■ 

Presents metric units and notation in a well-illustrated manner. Individnal 
chfl^pters on metrics in drafting, metalworking, woodworking, power and 
energy, graphic arts, and home economics. Chapters followed by several 
learning activities for student use, Appendix includes conversion tablet 
and charts. f 

Taking the Tricks Out of Metrics, Metric Training Department, Creative 
Universal, Inc., Tower 14, 21700 Northwestern Highway, Sonthfield, MI ^ 
48975,1976,4bo6k]eU;$3.00each,$12.00set,diacoQnts. : . 

Series of booklets presents step^by-step directions, questions, answers on 
how to read metric measurement tools: micrometers, venies calipers, rules, 
dial indicators. ^1 ^ • - ' • ; 



METRIC SUPPLIERS . , 

Brown & Sharpe Manufacturing Co., Precision Park, North Kingstown, RI 02862 

Industrial quality micrometers, steel rules, screw pitch and thickness gages, 
squares, depth gages, cal^, did indicaton, conversion charts 

Central Instrument Company, 900 Riverside Drive, New York, NY 10032 

Draftbg rules and scales for drafting, engineering, architecture, conversion 
tables and alides, posters, teaching aids, grafting templates. 

Dick Blick Company, P.O. Box 1267, Gi]eibnig« IL 61401 . 

InitroetioDil quility r||tei, tip<i, metre iticki, cubet, hei^^t ffleuuiei, 
<iuiidle whedi, meuudng cupi ind ^ooni, peojonil idles, grun/kflognm 
Kilei, tedei and depth gagei, beakea, themoffleten, kiti and other aldi. 



Ihe L. S. Stanett Company, 121 Creicent Street, Athol, MA 01831 ' 

Machine tool precUon meanuing d^, mlcrometen, calipera, dial 
indicatoti,it^rttlei. 

Millimeter Induitrial Supply Corp., 162 Central Avenue, Famiingdale, L. I., 
NY 11785 

' InduitrUl (iuteMh, taiM, diet, reamen, driDi, wrendei, tinfi, buihlnji, 
calipen)ated ralei and :tapei, Ma gagei. 

Obaui Scale Corporation, 29.Wover Road, florham Park, NJ 07932 

ainitructioilial quality and precision balances and Kales, plastic calipers and 
; /^kable gram cubes for beginners. 

Regal-Beloit Corporation, Box 38, South Beloit, IL 61080 
f 

Machine fasteners, gages, taps and dies, precision micrometers, calipers, 
sted rules, inspection devices. 



INFORMATION SOURCES 
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American National Metric Council,l625 Manacbuietti Avenue, N.W., Waahington, 
DC 20036 , / . 

Charts, posters, reports andpamphlets, Metric Reporter newsletter. National 
metric coordinating council representing industry, government, education, . . 
professional and trade organizations. 

National Bureau of StandiAfisi Office of Information Activities, U.S. Department of 
^ Commerce, Wadiington, DC 20284. ' V 

fm and ine^l^ittive metric charti and publications, also lends films iud 
displayi 



